


































































































































































































































































































































































































































































































































that some of the joint sealant is missing after only 3 years of exposure 
and the spalling at these joints, while probably due to the reactive 
aggregate present in the paveme.nt, is aggravated by the presence of 
incompressibles in the joints. The resealed joints are approaching the end 
of their life, and a sealant with a longer life should be considered. 

IL080105 - The original pavement was constructed in 1960 as a 10-in 
[254-mm] JRCP with a joint spacing of 100 ft [30.5 m]. The 4-lane 
Interstate highway was rehabilitated from 1983 through 1985. The 
experimental techniques performed on this project included full-depth 
repairs, pressure relief joints, cement grout undersealing, diamond 
grinding, longitudinal underdrains, load transfer restoration and joint 
resealing. The experimental joint resealing project was located in the 
easte.rn end of the eastbound lanes. A hot-poured sealant (9001, 
manufactured by Allied Joint Seal and conforming to ASTM D3405-78) was used 
to seal the joints. 

The traffic level at the project location consists of 7000 vehicles per 
day, including 34.0% heavy commercial trucks. This translates into a 
current annual application of 1.3 million ESALs in each direction (1.1 
million in the outer lane) and a cumulative 3.0 million ESALs on the 
resealed joints (2.6 million in the outer lane). 

The pavement shows signs of transverse and corner joint spalls, joint 
faulting, scaling and deteriorated sealant conditions. The outer lane has 
many more deteriorated cracks than the inner lane. The original joints, 
which were resealed, were all in good condition. The joints were free of 
incompressibles and did not exhibit significant joint spalling. Roughness 
was measured at 64 (very smooth ) in 1985 and 82 (smooth) in 1986 using a 
BPR Roughometer. The surface friction was evaluated at 40 (good) using a 
locked-wheel trailer with ASTM E 274 standard tire. Data for calculation 
of Present Serviceability Index (PSI) values was not available. 

The joint resealing performed in 1984 was very successful. All of the 
joints were well sealed, free of incompressibles and performing well. The 
new joint sealant reservoir was 0.38 in [10 mm] wide and 0.75 in [19 mm] 
deep. No bondbreaker was used. It is too early to thoroughly assess the 
performance of the new sealant, but it was noted that the resealed joints 
have less spalling than the unsealed ones. 

LA010151 - This Interstate highway was constructed in 1971 as a 10-in 
(254-mm] JRCP with a joint spacing of 58.5 ft [17.8 ml. This project was 
rehabilitated in 1984 as part of Federal Highway Administration 
Demonstration Project No. 69, "Portland Cement Concrete Pavement 
Restoration" (24). The rehabilitation techniques applied to the pavement 
were full-depth repairs, cement grout undersealing, load transfer 
restoration, diamond grinding, joint resealing, crack repair and 
longitudinal underdrains. 

The old joint sealant was removed and the joint sidewalls were refaced 
with a two-bladed diamond saw. The new joint sealant reservoir was sawed 
to a depth of 1.50 in [38 mm] and width of a.so in [13 mm]. The joint 
sidewalls were cleaned by sandblasting to remove sawing residue and other 
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contaminants prior to placement of the sealant material. A backer rod was 
placed under the sealant as a bondbreaker. Four silicone sealants were 
used on this rehabilitation project. The silicones were manufactured by 
General Electric, CSC Silicones Ltd., SWS Silicones Corporation, and DOW 
Corning Corporation. The longitudinal joint and the lane/shoulder joint 
were sealed with two types of rubberized asphalt joint sealant ("Hi-Spec" 
and 11Sof-Seal 11 ) manufactured by w. R. Meadows, Inc. Information on the 
joint sealant reservoir dimensions and preparation were unavailable. 

The traffic level of this project consists of 16000 vehicles per day, 
including 21.0% heavy commercial trucks, which is equivalent to a current 
annual loading of 1.4 million ESALs in the driving lane and 0.4 million in 
the passing lane. The accumulated traffic loading on the rehabilitation 
techniques is 2.79 million ESALs in the outer lane and 0.93 million ESALs 
in the inner lane. 

The pavement exhibited transverse joint and corner spalling, joint 
faulting, pumping and transverse and longitudinal cracking. Pumping was 
more predominant near slabs which exhibited medium-severity transverse and 
longitudinal cracking. All of the remaining original contraction joints 
exhibited either medium-severity transverse joint spalling or corner 
spalling and faulting. Surface friction was measured three months before 
and one month after rehabilitation. A skid number of 40 was obtained at 
both times using a locked wheel trailer with ASTM E274 standard tire. 
Roughness measurements before and after the rehabilitation were 
unavailable. However, the PSI after the rehabilitation was 4.4, compared 
to 4.1 before the rehabilitation (outer lane only). 

All the transverse joints were cleaned and resealed in October, 1984. 
The sealant placed in 1984 was present in all of the joints. No 
incompressibles were present. Cohesive failure was present in 11 of the 64 
joints (17%) that were surveyed and adhesive failure of the sealant was 
observed in only one of the 58 joints (2%) surveyed. The cohesive failures 
(tensile failure within the silicone joint sealant) may be an indication 
that the sealant thickness was too small. The following table shows the 
number of cohesive failures by sealant type: 

Sealant Type 

General Electric 

CSL Silicones Ltd. 

SWS Silicones Corporation 

Dow Corning Corporation 

Number of 
Cohesive Failures 

8 

1 

l 

1 

II.280-74 - The original pavement was a 10-in [254 mm] JRCP with 
100-ft [30.5 ml contraction joints, constructed in 1961 and opened to 
traffic in 1962. Rehabilitation techniques applied include full- and 
partial-depth repairs, cement grout undersealing, diamond grinding, 
longitudinal underdrains, and joint resealing • 
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A joint resealing program was conducted on the project in 1984. All of 
the regular contraction joints were resealed in conjunction with the 
full-depth repair placement. The joints were routed to a depth of 1 in 
[25 mm] and to a width of 0.625 in [16 mm]. The joints were then 
sandblasted and airblown clean prior to sealing with a hot-poured sealant 
conforming to ASTM D 3405. No bondbreaker material was used. Cracks were 
also resealed with the same hot-poured sealant (ASTM D 3405). 

Traffic levels on the project vary from 1-280 to 1-74. On 1-280, 8000 
vehicles per day, including 20% trucks, are producing 1.2 million ESALs 
annually and have accumulated almost 2 million since the joint resealing 
was performed. On 1-74, 4000 vehicles per day, including 25% trucks, are 
producing 0.7 million ESALs annually and have accumulated 2 million since 
the joint resealing was performed. 

The pavement exhibited transverse joint and corner spalling, joint 
faulting, localized scaling and deteriorated sealant conditions. 
Approximately 47% of the outer lane regular contraction joints and 40% of 
the inner lane regular contraction joints exhibited medium-severity 
transverse joint or corner spalling. In almost every, case, these spalls 
were found along joints that had damaged sealant. Faulting of the 
contraction joints was minimal, probably due to the fact that diamond 
grinding was performed only one year prior to the survey. Roughness was 
measured at 40 (very smooth) in 1985 using a BPR Roughometer and surface 
friction was measured at 42 (good) the same year using a locked-wheel 
trailer with an ASTM E274 standard tire. 

The joint resealing program performed in 1984 is not considered 
successful because the sealant failed to adhere to the existing concrete. 
The joint sealant is partially or completely absent from most (89%) of the 
joints. As a result, incompressibles and water can freely enter the joints 
and cause pumping and spalling. Transverse joint and corner spalling was 
found at nearly half of the surveyed regular contraction joints. The 
probable cause for the sealant failure was the joint reservoir not having a 
properly designed shape factor to allow for the amount of contraction 
occurring in the 100-ft [30.5 ml slabs. 

08077053 - The original pavement was a 9-in [229 nnn] JRCP with 
60.0-ft [18.3 ml contraction joints, constructed and opened to traffic in 
1967. The project was an experimental section which provided a field study 
of the techniques developed in NCHRP Project 1-21, specifically full- and 
partial-depth repairs, undersealing, load transfer restoration, diamond 
grinding, and joint resealing (37). All rehabilitation techniques were 
performed in the outer lane only. 

The outer lane joints were resealed in 1982. The old sealant was 
removed and the sidewalls were refaced by a two-bladed diamond saw. New 
joint sealant reservoirs were produced with a depth of 1 in (25.4 mm] and a 
width of 0.5 in [12.7 mm]. Three different types of joint sealant were 
used in this project: a hot-poured sealant made in accordance to ASTM 
specification D3405-78, preformed compression seals (ASTM specification 
D2628-81), and a low-modulus silicone sealant. The hot-applied rubberized 
asphalt was manufactured by Posh Chemical Company, the preformed joint 
seals by D.S. Brown Company, and the silicone was manufactured by General 
Electric. 
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Backer rods were placed under the sealant as a bond breaking material 
except where the neoprene preformed seals were used. The sealants were 
placed 0.25 in [6.4 mm] below the pavement's surface. The hot-poured 
sealant was used in most of the joints and in all of the cracks that were 
sealed. Only four joints were sealed with the silicone and two were sealed 
with the preformed compressive sealants. 

Traffic levels at the project site consist of 4750 vehicles per day, 
including 25% heavy commercial trucks, which translates into a current 
annual application of 0.6 million ESALs in the driving lane and 0.1 million 
in the passing lane. The accumulated traffic loading on the resealed 
joints totals 2.1 million ESALs in the driving lane and 0.5 million ESALs 
in the passing lane. 

The project has experienced some distress such as transverse joint and 
corner spalling, joint faulting, longitudinal and transverse cracking and 
deteriorated sealant condition. Where spalling was observed, it was of low 
severity. Longitudinal joint spalling was not observed in the repairs. 
Transverse cracks were observed extending across both lanes of the pavement 
at approximately 15- to 20-ft [4-6 ml intervals. The sealant was absent in 
some of the original inner lane contraction joints and varying amounts of 
incompressibles were present in both lanes. The transverse joint spalling 
and corner spalling were slightly worse in the inner, unrepaired lane. 
Roughness was measured at 68 (smooth) in July, 1984 using a G.M. 
Profilometer. Surface friction was measured at 45 (good) in November, 1984 
by a locked wheel trailer with a ASTM E274 standard tire. A Pavement 
Serviceability Rating of 3.1 was obtained in June, 1984. 

The joint resealing project was successful, as most of the joints are 
still sealed, and incompressibles are not present. Spalling is not a 
problem throughout the project. In terms of the sealant itself, several 
localized distresses are present, such as material loss and bond or sealant 
failure. This is true only for the hot-poured sealants, as the silicone 
and neoprene sealant are still in good condition. 

RE080279 - This pavement was constructed in 1963 as a 9-in [229-mm] 
JRCP with a joint spacing of 46.5 ft [14.2 m]. The rehabilitation 
techniques applied to this project in 1982 included full-depth repairs, 
epoxy cement partial-depth repairs, 4.5-in [114-mm) wide pressure relief 
joints, and joint resealing. These techniques addressed joint and crack 
spalling and pressure buildup caused by expansion of reactive aggregate. 

In June, 1982, the joints were resealed. The old sealant was removed 
with a diamond blade saw and the sidewalls of the reservoir were cleaned by 
sandblasting. No information on the new joint reservoir dimensions was 
available. A hot-poured sealant conforming to ASTM specification D3405-78 
(manufactured by Crafco, Inc.) was used on this project. The sealant was 
placed at a depth of 0.12 in [3.0 mm] below the pavement surface. No 
bondbreaker was used. The bond of the sealant was lab-tested at 0°F 
[-18°cJ, during which the sealant was required to pass 100% extension 
over a period of 3 cycles. 

The traffic at this site is composed of 9600 vehicles per day, 
including 31% heavy commercial trucks, which corresponds to a current 
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annual application of 1.3 million ESALs in the outer lane and 0.3 million 
in the inner lane. The accumulated ESALs on the resealed joints are 4.62 
million in the outer lane and 1.54 million in the inner lane. 

Distresses observed on the pavement included transverse joint and 
corner spalling, joint faulting, transverse cracking, deteriorated sealant 
conditions, localized scaling and reactive aggregate distress. Transverse 
cracking seemed to occur at intervals of 15 to 20 ft (3 to 6 ml. Some 
panels are in need of immediate repair due to high levels of 
deterioration. This project does not exhibit the amount or severity of 
reactive aggregate distress observed on other Nebraska projects. The 
contraction joint sealant was present in most of the original contraction 
joints, keeping incompressibles from infiltrating. As a result, transverse 
joint spalling and corner spalling were of low severity throughout the 
surveyed sample units and none of the surveyed original contraction joints 
had been repaired. 

Roughness was measured in June, 1984 by a Mays Ride Meter. An average 
Roughness Index of 1384 (very rough) was obtained for both lanes. Surface 
friction was measured in June, 1983 by a locked-wheel trailer with ASTM 
E274 standard tire. An average skid number of 39 (marginal-good) was 
obtained for both lanes. 

The transverse joint sealant was still intact in most of the transverse 
joints and incompressibles were not observed in these joints. The only 
joints exhibiting significant sealant deterioration were those that had not 
been resealed in 1982. The sealant had extruded from these joints. 
Spalling is generally not a problem. From these observations, the 
resealing operation can be considered a success. 

NE080404 - The pavement is a 10-in [254-mml thick JPCP with a joint 
spacing of 16.3 ft (5 ml, constructed and opened to traffic in 1960. 
Rehabilitation of the pavement in 1984 consisted of full-depth repairs, 
epoxy cement partial-depth repairs and joint resealing. Rehabilitation was 
performed to correct joint spalling and slab cracking. 

The old sealant was removed with a diamond blade saw and the sidewalls 
of the reservoir were cleaned by sandblasting. No information is available 
on the joint reservoir dimensions. A hot-poured sealant conforming to ASTM 
specification D3405-78 (tradename Crafco RS-231, manufactured by Crafco 
Inc.) was used on this project. The sealant was recessed to a depth of 
0.12 in [3.0 mm] below the pavement surface. A backer rod was used as a 
bondbreaker under the sealant. The bond of the sealant was lab-tested at 
0°F [-18°C], during which the sealant was required to pass 100% 
extension over a period of 3 cycles. 

Current traffic consists of 14100 vehicles per day, including 21% heavy 
commercial trucks, equivalent to 1.2 million ESALs annually in the driving 
lane and 0.4 million in the passing lane. Since the rehabilitation work 
was performed in 1984, 2.47 million ESALs have been accumulated in the 
outer lane and 0.82 million in the inner lane. 

Distresses observed included transverse and longitudinal cracking, 
transverse joint and corner spalling, joint faulting, localized scaling and 
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deteriorated joint sealant condition. Transverse slab cracking was 
minimal, but approximately 250 linear ft [76 ml of low- and medium-severity 
longitudinal cracking was observed in the 3000 ft [914 ml of surveyed 
pavement. The cracking generally originated near and followed the pavement 
centerline, indicating poor longitudinal joint construction techniques. 
The contraction joint sealant was present in all of the original 
contraction joints. However, the sealant had extruded in several of these 
joints and incompressibles had infiltrated. Medium-severity transverse 
joint and corner spalling were observed at some joints, but were not a 
major problem. 

Roughness was measured in June, 1984 using a Mays Ride Meter. An 
average roughness Index of 1151 (very rough) was obtained for the outer 
lane, and 1617 (very rough) for the inner lane. Surface friction was 
measured in June, 1983 by a locked-wheel trailer with an ASTM E274 standard 
tire. An average skid number of 32 (marginal) was obtained. 

The joint resealing project has been successful in preventing water and 
incompressibles from entering the transverse joints. Insufficient 
recessing of the sealant has resulted in some extrusion of the sealant 
however. Where the sealant was extruded, incompressibles have infiltrated 
the joint. The longevity of the sealant is still under evaluation. 

VA044000 - The pavement was built in 1967 as a 9-in [229-mm] JRCP 
with a transverse joint spacing of 61.5 ft [18.7 m]. Rehabilitation 
performed has included full-depth repairs in 1984, partial-depth repairs 
and pressure relief joints in 1984 and 1976, and joint resealing in 1984, 
1976 and 1973. The 1976 resealing program replaced the 1973 program, and 
was performed only on part of the project. Both the 1973 and 1976 
resealing programs used preformed joint seals. The joints were resawed to 
a minimum of 0.625 in [16 mm] wide x 2.25 in [57 mm] deep and then cleaned 
thoroughly. The preformed joint seals were then placed. At this time, the 
longitudinal joint was also resealed with a hot-poured sealant. 

The 1984 joint resealing program was aimed only at selected joints 
which were demonstrating joint deterioration. The old sealant was removed 
and the joint was thoroughly cleaned. New hot-poured sealant was then 
placed in the joint. The joint sealant reservoir dimensions are not 
known. The longitudinal joint was also resealed at that time. 

Current traffic consists of 29600 vehicles per day, including 4.7% 
trucks, equivalent to 1.05 million ESALs on the 1984 joints, 4.03 million 
on the 1976 joints and 4.88 million on the 1973 joints. Currently, an 
annual loading of 0.4 million ESALs is applied to the outer lane and 0.2 
million in the inner lanes. 

Distresses observed included transverse joint and corner spalling, 
joint faulting and localized scaling of the pavement. The amount and 
severity of slab cracking varied substantially from one sample unit to the 
other, with as few as 75 low-severity transverse cracks per mile [47 
cracks/km] in one sample unit to as many as 352 total transverse cracks per 
mile [220 cracks/km] in another sample unit. The joint sealant was present 
in all of the original contraction joints sealed with preformed compression 
seals (first and second sample units). However, incompressibles were 
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frequently found in those joints, even though the compression seals were 
still intact. The transverse and longitudinal joints sealed with the 
hot-poured sealant were still sealed and performing well. Most of the 
remaining original contraction joints exhibited low-severity transverse 
joint spalling, with a few displaying medium-severity spalling. 

Roughness was measured in 1980 with a Mays Ride Meter. A Roughness 
Index of 109.8 (good) was obtained in the eastbound truck lane, and a 
Roughness Index of 116.4 (good) was obtained in the westbound truck lane. 
Surface friction values were not available. 

The joint resealing projects are considered fairly successful. The 
sealant is still intact, and spalling is not a problem throughout the 
project. The preformed seals were placed in 1976 and have experienced some 
localized failures where the joint has opened sufficiently to cause the 
sealant to lose contact with the reservoir walls, drop down and allow 
incompressibles and water to enter. This type of failure is attributed to 
the relief joints, although a low-modulus adhesive sealant might have 
performed without failure under these conditions. The hot-poured sealant 
(placed in the third sample unit during 1984) is performing well and there 
are no incompressibles present. The sealant is extruded in some locations, 
indicating improper recessing of the sealant within the reservoir. 

VA064202 - The pavement was constructed in 1966 as a 9-in [229-mm] 
JRCP with a transverse joint spacing of 61.5 ft [18.7 m]. Rehabilitation 
performed on the pavement includes full- and partial-depth repairs in 1984 
and 1976, pressure relief joints in 1982 and joint resealing in 1984 and 
1976. Both of the resealing programs used preformed joint seals. The 
joints were resawed to a minimum of 0.625 in [16 mm] wide x 2.25 in [57 mm] 
deep and then cleaned thoroughly before the preformed joint seals were 
placed. At that time, the longitudinal joint was also resealed with a 
hot-poured sealant. 

The traffic at the project site is composed of 10000 vehicles per day, 
including 15% heavy commercial trucks, which has accumulated 1.08 million 
ESALs on the 1984 joints and 4.09 million on the 1976 resealing job. 
Currently, an annual loading of 0 .4 million ESALs is applied to the outer 
lane and 0.1 million to the passing lane. 

The pavement exhibits transverse joint and corner spalling, joint 
faulting, localized scaling and deteriorated joint sealant conditions. 
Mainly low-severity slab cracking was observed and only in the outer lane. 

The preformed joint seals are still present in all of the regular 
contraction joints (both lanes in both directions). However, 
incompressibles were found in roughly 70% of the joints. Joint widths 
averaged 0.83 [21 llUll] for the joints with incompressibles and 0.70 in 
[18 llUll] for the remaining regular contraction joints. Contraction joints 
located near pressure relief joints and full-depth repairs were generally 
slightly wider than average. Most of the original contraction joints 
exhibited at most low-severity transverse joint spalling, although a few 
joints displayed medium-severity spalling. Roughness and surface friction 
measurements are not available for this section. 
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The joint resealing project performed in 1984 is considered to be 
performing well. The sealant is still intact and spalling is not a problem 
anywhere within the project. The seals appear to have slipped down in many 
of the joints, however, with the result that incompressibles have collected 
in the reservoir on top of the preformed sealant in many cases. This 
indicates that the joint openings have at least occasionally exceeded the 
extension capability of the preformed seals. The excessive opening is 
probably due to the presence of so many expansion joints on this project. 
Spalling problems could develop in the future from this situation. 

The hot-poured sealant used in the new 
and there are no incompressibles present. 
sealant was extruded from the joint. 

1984 repairs is performing well, 
Occasionally, however, the 

VA064279 - This pavement was constructed in 1967 as a 9-in [229-mm] 
JRCP with a contraction joint spacing of 61.5 ft [18.7 m]. Rehabilitation 
performed in 1981 consisted of full-depth repairs, pressure relief joints 
and joint resealing. The project location was also diamond ground three 
years after the other rehabilitation techniques were applied but only in 
the eastbound direction. The westbound lanes were left unground for 
comparison. All of the regular contraction joints were resealed in 
conjunction with the full-depth repair placement. The joints were 
thoroughly cleaned by airblasting, routing, and brushing to assure that the 
joint was free of oil, grease, existing joint material, and other foreign 
material. A hot-poured sealant was applied to the joint. The longitudinal 
joint and the lane/shoulder joint were also sealed at this time with the 
same hot-poured sealant. 

Current traffic consists of 30000 vehicles per day, including 10.5% 
trucks, equivalent to an annual loading of 0.7 million ESALs in the outer 
lane, 0.4 million in the center lane and 0.1 million in the inner lane. 
The resealed joints have accumulated 5.48 million ESALs. 

Distresses observed included transverse joint arid corner spalling, 
joint faulting and localized scaling. Nearly all of the transverse 
cracking observed in the unground section was located in a 100-ft [30.5-m] 
section of pavement. All of the regular contraction joints were still well 
sealed. No incompressibles were found in the joints and the joints 
exhibited only low-severity spalling. There was no difference in spalling 
between the two sample units. 

Surface friction measurements were not available. 
was measured in early 1985 using a Mays Ride Meter. 

However, roughness 
The results were: 

LM!E RQ!!Qlilil!§§ 
Eastbound outer (ground) 72 (excellent) 
Eastbound center (ground) 66 (excellent) 
Eastbound inner (ground) 64 (excellent) 
Westbound outer (not ground) 145 (fair) 

The joint resealing operation performed in 1981 is considered 
successful. The joint sealant is still intact and the joint is free of 
incompressibles. Spalling was not a problem in the surveyed sample units. 



VA081147 - The paveme.nt was constructed in 1965 as a 9-in [229-mml 
JRCP with a transverse joint spacing of 61.S ft [18.7 ml. Rehabilitation 
techniques performed in 1984 included a CPR project in the first sample 
unit, consisting of ful 1.-depth repairs, partial-depth repairs, cement grout 
undersealing, diamond grinding, longitudinal underdrains, load transfer 
restoration, and joint resealing. In the second sample unit, 
rehabilitation consisted of pressure relief joint installation, cement 
grout undersealing, and joint resealing. 

Joint resealing was performed in 1972, 1976, and 1984, and more was 
scheduled for 1985. The first sample unit contained joints sealed in the 
1984 program, while the second sample unit contained joints sealed in the 
1976 program. The 1984 resealing program used silicone joint sealant and 
was performed after the diamond grinding. The joints were cleaned by 
routing, brushing, sawing, grinding, and airblasting. A backer rod was 
installed prior to the placement of the silicone sealer. The longitudinal 
joint was also resealed with silicone. The 1976 program used preformed 
joint seals, placed in joints resawed to a minimum of 0.625 [16 mm] wide x 
2.25 in [57 mm] deep. The longitudinal joint was resealed with a 
hot-poured sealant. 

Current traffic consists of 10000 vehicles per day, including 26.3% 
heavy commercial trucks, equivalent to 0.8 million ESALs to the outer lane 
and o.2 million to the inner lane annually. The 1984 rehabilitation has 
been subjected to approximately 1.86 million ESALs in each direction. 

Distresses observed included transverse joint and corner spalling, 
pumping, joint faulting, localized scaling and deteriorated sealant 
conditions. Transverse cracking was more severe in the second sample unit 
which had not received full-depth repairs. The last 200 ft [60 ml of the 
first sample unit and the first 300 ft [91 ml of the second sample unit 
exhibited much less cracking than the rest of the surveyed pavement. 
Roughness was measured in 1985 using a Mays Ride Meter. A roughness index 
of 156 (fair) was obtained in the southbound (diamond-ground) truck lane. 
Surface friction and Present Serviceability Index (PSI) values were not 
available. 

The joint resealing project performed in 1984 is considered 
successful. The silicone sealant is still intact, spalling is not a 
problem, and it appears that the sealant will last many more years. The 
preformed seals placed in 1976 located in the second sample unit have 
allowed incompressibles in the joints after nine years of service. The 
seals appear to have slipped down into the joint reservoir in several 
locations, indicating that reservoir/sealant size combination used on this 
project may have been inappropriate for the slab size and ambient 
temperature range. Other possibilities include poor installation 
techniques and reduction in sealant flexibility over time, which could also 
cause the sealant to fail to follow joint movement. 

VA095000 - This pavement was built in 1963 as a 9-in [229-mm] JPCP 
with a transverse joint spacing of 20 ft [6.1 m]. Rehabilitation has 
included partial-depth repairs in 1984 and 1983 and full-depth repairs and 
joint resealing in 1984. As part of the rehabilitation project, the 
transverse, longitudinal and shoulder joints were routed, brushed, blown 
clean and resealed with a hot-poured sealant. 

254 



Current traffic consists of 10000 vehicles per day and 20% heavy 
commercial trucks, equivalent to 0 .6 million ESALs annually in the driving 
lane and 0.1 million in the passing lane. The resealed joints have 
received 1.51 million ESALs. 

Distresses observed included pumping, joint faulting, localized scaling 
and transverse joint and corner spalling. Only one joint was not full- or 
partial-depth repaired in the outer lane, while 60 joints were unrepaired 
in the inner lane. All the contraction joints (both lanes in both 
directions) were still well sealed and apparently performing well. 
Incompressibles were rarely found in the joints, although medium-severity 
spalling was occasionally identified. Roughness was measured in 1985 using 
a Mays Ride Meter. A roughness index of 149 (fair) was obtained for the 
northbound truck lane, and a roughness index of 155 (fair) were obtained 
for the southbound truck lane. Surface friction and Present Serviceability 
Index (PSI) values were not available. 

The resealed joints are performing well after one year of service. The 
sealant is still intact and keeping incompressibles from infiltrating. 
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CHAPTER XllI 

PANEL CONCLUSIONS AND RECOMMENDATIONS 

PERTAINING TO THE DESIGN AND USE OF JOINT RESEALING TECHNIQUES 

Introduction 

Fourteen joint resealing projects were evaluated. Only one of these 
projects (Arizona) was solely a joint resealing project, while the 
remaining projects were resealed in conjunction with some other form of 
pavement rehabilitation (such as full-depth repair, partial-depth repair 
and/or pressure relief joint installation). A total of 20 joint sealant 
installations were evaluated. Although sealant installations were 
identified on several additional projects, these were not installed at 
enough joints to make an adequate evaluation. 

The typical modes of sealant failure were: 

1. Adhesion 

2. Cohesion 

3. Extrusion 

4. Absence 

5. Oxidation 

- debonding of sealant from the joint sidewalls. 

- splitting within the sealant itself. 

- sealant which has been partially or completely 
forced from the joint onto the adjacent 
pavement. 

- more than 25% of the joint sealant is missing. 

- hardening of the joint sealant. 

6. "Drop down" - slippage of preformed compression seals downward 
from their original recess position. 

The following were typical reasons for sealant failure: 

1. Inadequate joint shape factor. 

2. Insufficient recessing of sealant. 

3. Too many expansion/pressure relief joints. 

4. Inadequate cleaning of the joint walls. 

5. Inadequate use and installation of backer rod. 

Obsezya ti ons 

1. Four silicone sealant projects (located in Arizona, Louisiana, Ohio and 
Virginia) were surveyed. Three of these projects were successful. 
Some had been installed as early as 1982 and had sustained as many as 
10 million 18-kip [80-kN] ESALs. The Virginia project failed in the 
winter following the field survey and is no longer sealed. The sealant 
failed due to an incompatibility between the silicone sealant and the 
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aggregates in the pavement. The three successful silicone projects 
were all installed on pavements which contained no pressure relief 
joints (see Figure 102). 

2. The twelve hot-poured (ASTM D3405) sealant projects were located in 
Arizona, Illinois, Iowa, Nebraska and Virginia. Nine of the 12 
projects were successful. The sealants had been installed as early as 
1981 and subjected to as many as 10 million ESALs. Failures were due 
to inadequate joint shape factor and insufficient sealant recessing. 
The failures have occurred on projects resealed as recently as 1984 
with only 1 million ESALs applied to the resealed joints. 

3. Three of the four preformed neoprene sealant projects were 
"unsuccessful" because inappropriate pressure relief joint installation 
on these projects resulted in excessive joint openings of the nearby 
joints (see Figure 102). This opening caused the seals to slip down in 
their reservoirs and allowed incompressibles to accumulate above the 
seals. It should be noted, however, that the seals themselves are 
intact and keeping incompressibles from filtering deeper into the 
joints below the seals. The failures have occurred on projects 
resealed as late as 1984 with only 1 million ESALs applied to the 
resealed joints. The one successful project was located in Ohio on a 
pavement which contained no relief joints (see Figure 102). However, 
these seals were only installed on two consecutive joints. 

The observed performance of the three types of joint sealants is summarized 
in Table 15. 

4. Five of the six sealant projects installed on short-jointed pavements 
(joint spacing less than or equal to 30 ft [9.1 m)) were successful. 
The one failure was attributed to incompatibility of the hot and dry 
Southwest climate with asphalt rubber hot-poured sealants. 

5. Nine of the fourteen long-jointed pavement resealing projects were 
successful. Three of the five failures contained the preformed 
compression seals, which failed as described previously. The two 
remaining failures resulted from the use of an improper shape factor. 
The comparison of joint spacing and performance of the joint resealing 
projects is summarized in Table 16. 

6. When pressure relief joints have been installed on a particular 
pavement, the use of a hot-poured sealant has provided the best 
performance. 

7. Projects receiving a good joint resealing program throughout their life 
generally appear to be in better condition than those projects 
receiving little joint maintenance. 

Recommendations 

1. The tendency on past experimental joint resealing projects has been to 
install different sealant materials in alternating joints or in only a 
few consecutive joints. Future experimental joint resealing projects 
should allow for more statistically significant analysis by installing 
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Figure 102. Joint Resealing Project Performance as a Function of 
Sealant Type and the Use and Appropriateness of 
Pressure Relief Joints. 
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Table 15. Joint Resealing Project Performance by Sealant Type [l ft= 0.3 m]. 

PROJECT IO YEAR OF .JOINT SHAPE PRJ USE * STATUS 
INSTALLATION SPACING FACTOR 

------------------------------------------------------------------------------
LOW-MODULUS AZ017206 82 15.0 4.50 NO sue 
SILCONE LA010151 84 58.5 2.00 NO sue 
SEALANTS OH077053 82 60.0 2.00 NO sue 

VA081147 84 61.5 3.60 Y-NOT APP sue 

HOT-POURED AZ017206 82 15.0 4.50 NO sue 
SEALANTS AZ017206 82 15.0 4.50 NO UNSUe 
<ASTM 03405) IL280-74 84 100.0 1.60 NO UNSUe 

IL080105 84 100.0 1.90 Y-NOT APP sue 
IA030156 84 20.0 2.00 Y-NOT APP sue 

N NE080279 82 46.5 1.00 Y-APP sue 
"' NE080382 82 46.5 1.00 Y-APP sue "' NE080404 84 16.3 1.00 NO sue 

OH077053 82 60.0 2.00 NO UNSUC 
IJA044000 84 61.5 3.60 V-NOT APP sue 
VA064279 81 61.5 3.60 Y-NOT APP sue 
VA095000 84 20.0 3.60 NO sue 

PREFORMED OH077053 82 60.0 2.00 NO sue 
COMPRESSION IJA044000 76 61.5 3.60 Y-NOT APP UNSUC ++ 
SEALS VA064202 84 61.5 3.60 Y-NOT APP UNSUC ++ 

VA081147 76 61.5 3.60 Y-NOT APP UNSUC ++ 

,. NO = PRESSURE RELIEF .JOINTS NOT USED 
>< V-APP = PRESSURE RELIEF .JOINTS USED ANO APPROPRIATE 
* V-NOT APP= PRESSURE RELIEF .JOINTS USED 8UT NOT APPROPRIATE 

++ = CAUSED BY PR.J CLOSURE, SEALANT STILL INTACT 

JOINT SHAPE FACTOR = DEPTH / WIDTH 



N 

"' 0 

Table 16. Joint Resealing Project Performance by Joint Spacing [l ft= 0.3 m]. 

PROJECT IO YEAR OF JOINT SEALANT SHAPE PRJ USE ,. STATUS 
INSTALLATION SPACING TYPE 11 FACTOR 

-----------~--------------------------------------------------------------------------

SHORT-
JOINTED 

LONG-
JOINTED 

AZ017206 82 15.0 SILIC 4.50 NO 
AZ017206 82 15.0 HOT-P 4.50 NO 
AZ017206 82 15.0 HOT-P 4.50 NO 
NE080404 84 16.3 HOT-P 1.00 NO 
IA030156 84 20.0 HOT-P 2.00 V-NOT APP 
VA095000 84 20.0 HOT-P 3.60 NO 

NE080279 82 46.5 HOT-P 1.00 V-APP 
NE080382 82 46.5 HOT-P 1.00 Y-APP 
LA010151 84 58.5 SILIC 2.00 NO 
OH077053 82 60.0 SILIC 2.00 NO 
OH077053 82 60.0 HOT-P 2.00 NO 
OHD77053 82 60.0 PREFD 2.00 NO 
VA044000 84 61.5 HOT-P 3.60 V-NOT APP 
VA044000 76 61.5 PREFD 3.60 V-NOT APP 
~JA064202 84 61.5 PREFD 3.60 '(-NOT APP 
VA064279 81 61.5 HOT-P 3.60 V-NOT APP 
VA081147 84 61.5 SILIC 3.60 Y-NOT APP 
VA081147 76 61.5 PREFD 3.60 V-NOT APP 
IL280-74 84 100.0 HOT-P 1.60 NO 
IL080105 84 100.0 HOT-P 1.90 V-NOT APP 

* NO = PRESSURE RELIEF JOINTS NOT USED 
* V-APP = PRESSURE RELIEF JOINTS USED ANO APPROPRIATE 
" Y-NOT APP= PRESSURE RELIEF JOINTS USED BUT NOT APPROPRIATE 

II HOT-P = HOT-POURED SEALANT 
II PREFO = PREFORMED COMPRESSION SEALS 
II SILIC = LOH-MODULUS SILICONE SEALANT 

JOINT SHAPE FACTOR = DEPTH / HIOTH 

sue 
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sue 
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sue 
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the various sealants over a greater length of consecutive joints (at 
least a mile [1.6 km]). Different sealants could be placed in the 
opposing traf fie lanes of the same divided highway for comparison 
purposes. This would allow evaluation of the performance of various 
joint sealants while holding all other variables relatively constant. 

2. The following joint preparation steps are recommended to increase the 
chances for success on joint resealing: 

o Resawing of the joint reservoir rather than routing. 

o Joint cleaning performed by sandblasting, concentrating 
on the joint sidewalls. 

o Use of a backer rod under the joint sealant. 

o Proper installation of the backer rod. 

3. Joint resealing is required for working joints to keep incompressibles 
out of the joint reservoir. 

4. Since longitudinal joints do not undergo the same degree of movement as 
transverse joints, a width of 0.25 in [6 mm] is sufficient when 
resealing the longitudinal joint. 

5. A tolerance must be set up to provide greater quality control of 
resealing projects. This .tolerance, on both saw cuts and joint shape 
factor, must be developed by each agency. A good example of this 
concept is that applied by the Kentucky Department of Highways for 
their silicone rubber seals used in concrete pavements: 

Joint Tolerances: Saw Cut Depth 0 in to +O .5 in [13 mm] 

Saw Cut Width 0 in to +0.0625 in [2 mm] 

Sealant Thickness 0 in to +0.125 in [3 mm] 

The construction quality is verified by randomly selecting joints at 
which 5 plugs are pulled each working day. The Engineer tests each 
plug to see which joints are deficient with regard to the above 
geometrics. The Contractor removes and reworks all deficient joints 
and repairs the sample plug holes during the next working day. 

6. When existing joint sealant conditions are poor and joint spalling 
exists, cleaning and resealing of all joints and cracks on the project 
should be performed concurrently with partial-depth repair of spalls. 

7. The joint shape factor should be designed considering the type of 
sealant, joint spacing of the pavement, thermal coefficient of 
expansion of the pavement and climate. The friction factor of the 
subbase and any restraint provided by dowels could also be very 
significant in the amount of joint movement. Actual joint movements 
should be measured on projects similar in design to the one under 
consideration to determine the movements that need to be accommodated. 

8. A good joint resealing program is recommended throughout the life of 
the pavement to help provide better performance. 

261 



CHAPTER XIV 

SUMMARY 

The objectives of this study were to identify, define and document the 
criteria for using pressure relief joints and other joint rehabilitation 
techniques and to provide a set of guidelines for the design, installation 
and use of these techniques in a pavement management system. 

These objectives were accomplished by conducting a thorough review of 
literature, identifying a total of 36 suitable in-service study projects, 
collecting design (original and rehabilitation), traffic, climatic and 
performance data for these projects, summarizing these data in the form of 
individual reports for each project, presenting these reports and overall 
summaries to a panel of experienced state DOT personnel for their 
consideration and soliciting their collective conclusions and 
recommendations. 

The major findings, recommendations and conclusions of this study for 
each of the four rehabilitation techniques considered are presented in 
separate chapters following the background and evaluation chapters for 
their respective techniques, as follows: 

Chapter IV - Pressure Relief Joint Conclusions and Recommendations 

Chapter VII - Full-Depth Repair Conclusions and Recommendations 

Chapter X - Partial-Depth Repair Conclusion~ and Recommendations 

Chapter XIII - Joint Resealing Conclusions and Recommendations 

New or updated Design and Construction Guidelines and Guide 
Specifications for each of the four techniques are contained in the 
Appendices. These guidelines include new pavement management-oriented flow 
diagrams or decision trees to assist the user in the selection of 
appropriate repair techniques for individual joints and to determine the 
need for pressure relief joints on a given project. 

A simple cost analysis was performed on the rehabilitation techniques 
used on selected projects. Generally, it was noted that those projects 
with a high annual cost were also those projects whose rehabilitation was 
either unsuccessful or unwarranted (e.g., the installation of pressure 
relief joints when not necessary often led to increased deterioration of 
the pavement). Conversely, the projects with a low annual cost were 
generally successful and sufficiently addressed the needs of the pavement. 
The cost analysis is presented in the Appendices. 

The individual project summaries compiled for each of the surveyed 
projects total more than 1500 pages and are not included in this report. 
They are available upon request from the Federal Highway Administration. 
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